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ABSTMCT 

This study was i n i t i a t e d  because of several  incidences of post expansion 
of EMS 8-38, Type I, Gr .  "FR" foam i n  S-IC e l e c t r i c a l  d i s t r ibu to r s .  

Tests on laboratory specimens confirmed that t h e  above-named foam, when 
processed per 60B32016 and cured at room temperature, b e s  possess post 
expansion p o t e n t i d  when subjected t o  subsequent e levated temperatures 
of 150' t o  195' F (lower temperatures were not elevated).  
aLso showed t h a t  processing the foam at  recommended e l emted tempera tu res  
will produce a foam tha t  is dimensionally s t ab le  up t o  180'~~ 

But, t e s t s  

Post foam expansion, forced by heating assembled d i s t r i b u t o r s  at  180' F, 
caused no maJ .hc t ions  o r  e l e c t r i c d  discont inui t ies .  

With respect t o  already fabricated d is t r ibu tors ,  t e s t s  showed that: 
(1) Forcing post foam expansion by heating i n  an oven under control led 
conditions will minimize addi t ional  e x p a s i o n  and (2) that proper trimming 
of t h e  foam surfaces ~TLlmin imize  deflection of t he  terminal  boards 
and reduce the  p o s s i b i l i t y  of foam contact of t h e  p.c. cards and Union 
Swltch Relays. 

KEY WORDS 

Foam 
Cure Cycle 
Post Foam Expansion 
Distr ibutor  
Printed Circui t  (p . c . ) cards 
P.C. Card Cavity 
Relay 
Relay Cavity 
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1.0 OBJECTIVES 

Phase Ia: 

To determine the effects of the meximum expected environmental 
temperature. (160 to 190°F), to which a distributor might be 
subjected, on the dimensio a1 stability of BMS +38, Type I, GR 
"FR" foam (Stafoam AA1802 >B processed per 60B32016. Also, simul- 
taneously, to evaluate various cure cycles as to effectiveness in 
minimizing post expansion in future distributors. 

Phase Ib: 

To compare the elevated temperature dimensional stabilit of 
similarly processed Seafoam AA1802 and Nopco B 610 foam. 6 
Phase IIa: 

To determine the effects of post foam expansion on electrical con- 
tinuity and on original dimensions of assembled distributors. 

Phase IIb: 

To determine the physical and electrical effects of post foam 
expansion on printed circuit (P.c.) cards, p.c. card components 
and p.c. card connectors. 

Phase IIIa: 

To evaluate an "oven fix" procedure as a potential means of pre- 
venting excessive post foam expansion in already fabricated distri- 
butors, 

Phase IIIb: 

To evaluate an "autoclave fix" procedure as a potential means of 
preventing excessive post expansion in already fabricated distri- 
butors, 

Phase IIIc: 

To evaluate the effectivenaee of trimmed foam surfaces in preventing 
damaging post foam expansion. 

Manufactured by Olin Mathieson Chemical Cor$: 

Manufactured by Nopco Chemical Company 

REV. SYM. - 9 
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2 .o BACKGROUND 

Reparts of "delayed foam expansion" occurring in a limited number 
of S-IC electrical distributors have been received since July, 1966. 
But details of this expansion were not clearly defined. 
expansion was reported to have occurred in three distributors 0 
during high temperature qualification testing but this expansion 
caused no malfunctions. 

Foam 

Due to the lack of reported malfunctions resulting from delayed 
foam expansion and to the general lack of details about such 
expansion this situation did not seem to pose any threat to the 
function of the distributors. But in March of 1967 MSFC's IU 
distributor, while undergoing test at Douglas' facilities, reportedly 
expanded an alarming amount. 
initiated in July, 1966, were intensified. 

Due to this, tests, which had been 

This delayed expansion is theorized to be caused by a number of 
interrelated conditions: 

a. Excessive gas concentration caused by restricted foaming 
and exothermic heat loss .  

b. 

c. 

Incompletely cured foam caused by cooling too rapidly. 

The cell walls, soften by elevated temperatures, are expanded 
by excessive internal cell pressure. 

3 .O CONCLUSIONS 

3.1 GENERAL 

All the following conclusions are based on results reportediherein: 

3 . 2  PHASE Ia 

a .  Stafoam AA1802, foamed and cured at room temperature, is dimen- 
sionally unstable when exposed to subsequent elevated temperature: 
in the range of 150' to 195'F. (Lower temperatures were not 
evaluated). 

Foaming and curing at the proper elevated temperatures will 
produce a thermally stable foam that will be sat- 
isfaceory for foaming S-IC distributors. 

b. 

B--6571, T5-6572 , and T5-6973 

& REV. SYM. ,-, 
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Nopco B 610 foam (restricted foamed and room temperature cured) 
is approximately 4 times more thermally stable than similarly 
processed Stafoam AA1802. But the exothermic temperature 
generated in metal molds is approximately 90°F greater and the 
density is 3 to 4 times greater than that of Stafoam. 

PHASE IIa AND PHASE IIb 

Post expansion of Stafoam AA1802 will not cause electrical 
discontinuities by breaking or pulling wires loose when 
expanded to its maximum limit by heating at 18OoF. 
expansion, forced at 180°F, cause any malfunctions or relay 
chatter as a result of the foam pressing against the p.c. 
card components. 

Nor will 

PHASE IIIa 

Oven heating under controlled conditions to force potential post 
foam expansion is a satisfactory "fix procedure" to minimize 
additional post expansion. 

PHASE IIIb 

The autoclave cycles evaluated in this study did not produce 
satisfactory results. 

PHASE IIIc 

Proper tr€mming of ell foam surfaces will minimize deflection 
of the terminal boards and will prevent the foam from expanding 
into the p.c. cards and Union Switch Relays. 

RECOMMENDATIONS 

FOR FUTURE S-IC DISTRIBUTORS 

Revise the distributor foaming process to include the following 
general cure cycle and conduct a development program to improve 
and make it more adaptable to manufacturing. 

Recommended Foaming Procedure to Prevent Post Foam Expansion: 

a. Foam in a 195'F preheated mold. 
@ room temperature. 

Allow to rigidify 0.5 hours 

b. Initial cure: 
160°F for 1 hour per inch of foam thickness then cure at 
room temperature for 20 hours, minimum. 

(With restraining cover on) Bake at 150' to 

c. 

d. Remove excess foam. 

Post cure: Remove cover and bake 20 to 24 hours (3 195 ,+ 5'F. 
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4.2 

4.2.1 

4.2..1.1 

4.2.1.2 

4.2.2 

4.2.3 

FOR ALREADY FABRICATED DISTRIBUTORS 

Genera 1 

Two recommendations to remedy the post foam expansion problem in 
S-IC electrical distributors are presented in Sections 4.2.2 and 
4.2.3. In developing these recommendations, technical considerations 
were based on over all results obtained from this study. 
influencing assumptions weremade: (1) For recommendation No. 1 
(4.2.2), it is assumed that concerned parties agree to minimize 
additional post expansion. (2 )  For No. 2 (4.2.3), it is assumed 
that additional post expansion does not matter if it does not 
significantly deflect the termiual boards, contact the relay cards, 
or Union Switch Relays. 

Also, two 

A third possible recommendation and, seemingly, the most economic 
would be to "leave as is" since no malfunctions resulted when 
expansdon was forced to its maximum by heating several distributors 
to 180 F. However, post foam expansion data in S-IC distributors 
exposed to temperatures below 180°F over an extended period of time 
was not determined in this test. 

Recommendation No. 1 

The detailed procedure is presented in Phase IIa (page 8 4 ) .  
general process is as follows: Force potential post foam 
expansion out the bottom of the distributor by oven baking at 
195 * 5OF for 24 hours. Remove excess foam. 
for reliability assurance. 

The 

Run fuiictional tests 

Recommendation No. 2 

Completely remove the preformed foam dams, used to restrain the foam 
during fabrication, from the ends of the relay cavities. In the 
p.c. card cavity, trim the dam back to drawing dimensions but do not 
completely remove due to the risk of cutting wires. Remove foam from 
the horizontal (bottom) surface to the maximum depth possible without 
contacting wires. This procedure is not recommended for dietributors 
in which the foam cannot be removed without therisk of cutting wires. 

REV. SYM. .-, 44 
S-406-68-2I ORIO. 4/68 



5.0 PROCEDURES AND RESULTS 

Phase I is broken down into Ph 
(Section 5.2). 

Ia (Section 5.1) and Ph Ib 

Phase I1 is broken down into Phase IIa (Section 5.3) and 
Phase IIb (Section 5 . 4 ) .  

Phase I11 is broken down into Phase IIIa (Section 5.5), Phase 
IIIb (Section 5.6), and Phase IIIc (Section 5.7). 

Each phase is treated as a complete report (although reference 
may be made to another phase) consisting, generally, of: 
Objective, Specimen Identity, Test Procedure, Test Results, 
and Conclusions and/or Recommendations. 
and figures are attached at the end of each phase. The 
numbering system for the tables and figures starts over 
with (I) and (l), respectively for each phase. The phase 
number is included for complete identification of tables 
and figures. 

Applicable tables 
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PHASE Ia 

Ob iective 

To determine if the maximum expected environmental temperature 
(160' to 190°F), to which a distributor might be subjected, would 
result in post expansion of Stafoam AA1802 when processed per 
60B32016 and cured at room temperature. Also, simultaneoualy, to 
evaluate various cure cycles as to their effectiveness in minimizing 
post expansion. 

Test Procedure 

Specimen Molds 

Specimen molds (12" x 8" x 3.5") were prepared from nominal 1/10" 
thick heat treated aluminum alloy. 
specimens were made from nominal 1/8" thick aluminum alloy with 
1/4" diameter vent holes spaced 1 1/2" apart. 

Covers for restricted foamed 

The molds were designed to force post expansion in the foam rise 
(upward) direction during thermal expsoures. 

The 12" x 8" x 3.5" dimensions were chosen to approximate the size 
of the large foam masses located perpendicular to the ends of the 
printed circuit card cavity.in the distributors. 

Detailed Procedures 

The "Foam Specimen Flow Chart" (Section 5.1.2.4) provides specimen 
identity, mixing instructions, and details the various cure cycles. 

General Discussion 

a. Free foamed (FF) specimens 1 - 6 were prepared for comparison 
to similarly processed restricted foamed (RF) specimens 7 - 12, 
to show the effect of foam rise restriction on post expansion. 

b. RF specimens 11 - 13 were foamed and cured at room temperature 
in accordance with our distributor foaming process, 60B32016. ' 

No. 13 was fabricated with a bottom made from fiberglass term&nal 
board material to further simulate an actual distributor. 

c. EF Specimens 7 - 10 and 14 - 16'were allowed only short room 
temperature curing times (Rigidifying periods) before subjecting 
to elevate temperature (with covers off). These cycles were 
tried in an effort fbtfind a short cure cycle satisfactory to 
Manufacturing. 

d. RF specimens 17 - 24 were prepared to show effects of initial 
mold temperature on post foam expansion caused from thermal 
exposuee . 
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General Discussion (Continued) 

e. RF specimens 25 - 38 were prepared to show the combined 
effects of initial mold temperature plus initial cure temperature 
on post expansion, Until preliminary data became available the 
mold temperatures were arbitrarily chosen. 
150°F initial cure temperature was based on the requirements of 
BAC 5434. Tlie llO°F initial cure temperature, specimens 37 and 
38, was chosen because of preliminary results from specimens 
20, 23, and 24 which indicated that a satisfactory cure cycle 
was possible at relatively low temperatures. 
cycle time at temperature was chosen from a scheduling stand- 
point. 

The reaeon for the 

The initial cure 

REV. SYM. - 'F 
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5.1.2.4 FOAM SPECIMEN FLOW CHART 

mm!'fi#m 

Mix & Pour Per BAC 5434 
FREE FOAMED SPECIMENS: 1 

NO. T5-6556- 13 
PAGE 8 

THERMAL CURE CYCLES (With Cover Off) 
SPEC. INITIAL CURE - NO. 1 - NO. 2 - NO. 3 - NO. 4 No. 5 NO. HRS. f3 R.T. 

1&2f+]1 hr . m a x . L '  
I 

i - 6 hr.max. 4 hr. ax. -+ 

@ 195-5OF DITTO @ 195f5OF- $ 
I I 

1 

RESTRICTED FOAMED SPEC.: Mix & Pour Per BAC 5434 

@ 195f5'F 

9 & 10H2 hr.maxF- 
DITTO 

I 

LQ 8-0-0 

4 - q  
g - w  [ E + J F ~ - ~ Q ~ ~ H -  @ 195-5'F @ 6 hr.max. 195f5OF @ 6 hr.max. 195*5'F 

of Mold: 
O c M H z  g 1 ass laminate 

termina 1 board materia 1 



5 - 1  -2 .4  
FOAM SPECIMEN FLOW CHART CON"T 

RESTRICTED FOAMED 

SPEC. INITIAL CURE No. 1 - No. 2 No. 3 
NO. 

THERMAL CURE CYCLES (WITH LID OFF) 
N o .  5 - No. 4 - - 

L P r e h e a t  mold t o  1500F 

DITTO - DITTO _.c DITTO 4 DITTO - DITTO 

Prehea t  t o  130°F 

DITTO - DITTO -+ DITTO DITTO *-DITTO 

f-r 
Prehea t  mold t o  195'F 

DITTO - DITTO __t DITTO - DITTO - DITTO 

-+Preheat mold t o  llOOF 

9-7 DITTO - DITTO * DITTO - DITTO DITTO 

6 LPrehaat mold t o  90°F 

DITTO C DITTO .-)DITTO DITTO , T  DITTO fT* -Mold temp. 70-75'F (Room Temp) 

ml Same as spec .  No. 20 (Repeat) 

REV. SYM. .-. 
b*Ol- . s -2*  ORIO. 4/.s 
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r 25 & 26 f I 20 hr@ 150°F + 

+ 24 h r  @ R.T. 

5 . 1 . 2 . 4  

FOAM SPECIMEN FLOW CHART (Continued) 

24 h r . @  195 f 5'F 
w i t h  cover o f f  

RESTRICTED FOAMED : . 

w i t h  qover on - 

Spec. No. I n i t i a l  Cure 

I. 

THERMAL CYCLES 
Cycle 1 Cycle 2 

$. 
@ 

DITTO * 'DITTO - DITTO 

Preheat  mold t o  150'F 

I 2 9 i 3 0  IT+ DITTO - DITTO >DITTO 

Preheat  mold t o  220°F 

1 3 1 i  32 1 [I: 1:: ::TOTIP 
w i t h  cover on 

Preheat  mold 195'F 

133&341 t DITTO DITTO 

~ ~ e ~ ~ l d  t o  150°F 

DITTO c DITTO 

' T E h e I Z l d  t o  l lO°F  

___l__t DITTO ---C DITTO 
+ 24 h r .  (3 R.T. 

6 L P r e h e a t  mold t o  110 0 F 
i 

REV. SYM. ,-, 
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5.1.2.4 FOAM SPECDEN FLOW CHART (Continued) 

Level foam surface to "zero point" prior to thermal cure. 
Zero Point = Top edge of container wall. 

0 

@ Measure linear expansion immediately after removing from oven. 

Measure linear expansion after foam specimen has cooled to room 
temperature. 

Remove foam from form and determine density on a 1" x 2" x 2" 
cube. Examine remainder of foam for anomalies. 

0 

Q 

mm!/Nm REV. SYM. ._. 
'7 .  

Insulate mold with prefoamed 1/2" to 1" thick foam blocks leaving 
only the top open. Preheat to the required temperature for a 
minimum of 1.0 hours. 
mold from oven. 

@ 
Pour premixed foam immediately after removing 

NO. T5-6556-13 
PAGE 11 

a3 1/2 Hr. after pouring place specimen into preheated oven. 

CAUTTON: Handle carefully - DO NOT JAR, BUMP, VIBRATE, DROP, ETC 
After removing spec. from oven, allow to cure for a minimum of 24 
hours @ R.T. 

Remove cover after the 24 hour room cure. DO NOT trim foam surface. 
Measure the distance of foam above the "zero point". 
ments across short axis 3" from each end. 
container wall). 

Determined- every 6 hours over the 24 hour period, or monitor 
with Electrical transducer indicaths. Measure while hot. DO 
NOT keep spec. from oven any longer than necessary. Measure 
while hot at the end of the thermal cycle and remeasure after 
spec. cools to R.T. (aL =-L€near expansion (inches) after "X" 
hours at tempera ture) . 

Take measure- 
(Zero point - Top of 

0 

@ Measure before and after heating. Determine a L .  



5.1.2.5 

5.1.3 

5.1.3.1 

5,1.3,2 

Measuring Procedures 

A dial indicator was used to determine expansion. Measurements 
were taken across the short axis of the specimen, 3" from each end, 
High, low and average values were reported. 

In addition to determining expansion manually, with a dial indica- 
tor, the expansion of specimen 31 - 36 was also monitored, 
continuously with electrical deflection transducers. 

Test Results 

Presentation of Data 

The inches of expansion, determined by manual measurements are 
tabulated in Table I; this table consists of 12 pagee due to the 
way the data were tabulated. Tables I1 & I11 show expansion data 
determined with electrical deflection transducers (Spec. 31 - 36). 
Maximum values, extracted from Table I, were plotted in Figures 
1 - 11 to show cumulative expansion. Figure 10, 11, 12, and 13 
show the combined effects, on post expansion, of initial mold 
temperature plus initial cure temperature. Figure 13 also shows the 
worst (where duplicate specimens were run) of the best cure cycles. 
Figure 14 plots density versus specimen number. 
with "Foam Specimen Flow Chart" will show the effects of cure cycle 
on final foam density. 

This figure together 

The following discussion is of a general nature and is limited to 
details considered pertinent to evaluating the subject foam as to 
its post expansion potential when processed per the various cycles 
detailed in Section 5.1.2.4. 

Post Expansion of 60B32016 Processed BMS 8-38 Type I, GR "FR" Foam 
(Stafoam AA 1802)" 

Data from specimens 11, 12 and 13 (Figure 6) shows that Stafoam 
AA1802 is dimensionally unstable at 195 F when "restricted foamed" 

per our present distributor foaming process, which permits a room 
temperature cure. 
. 5  inches in 8" thick specimens. 

The degree of linear expansion ranged from .3 to 

Lower temperatures will also cause eapansion as evidenced by specimen 
No. 16, Figure 8. Although this specimen was cured for 17 hours 
@ 150°F approximately .25 inches linear expansion still occurred 
(in an 8" thick specimen) upon exposure to 195'F for 6 hours. 
statement is further supported by data obtained in a later study 
(Phase IIIb) which involved exposing a foamed test: distributor to 
160°F. 

This 

Specimen No. 13 which was fabricated with a bottmmade from 
terminal board material ahowed less post expansion than specimens 
11 and 12 which were all metal molds. The probable reason for this 
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is that more of the exothermic heat, required for foaming, was 
retained in the mold with the non-conductive bottom. This 
resulted in a more optimum foaming temperature as opposed-to 
foaming in molds that absorb too much of this exothermic heat 
The density values support this theory. No. 13 was 2.45 #/ft 
as compared to 2.53 and 2.71 for specimens 11 and 12. 

3 

Expans ion Rate 

In general, most of the expansion that took place over the total 
thermal exposure time occurred during the first few hours of 
exposure. 

Specimens on which expansion was determined every 6 hours showed that 
approximately 60 to 80% of the total expansion occurred during the 
first six hours. 

Curves of all specimens show a positive inclination even at the end 
of their respective thermal cycle periods, indicating a tendency 
to expand indefinitely if held at a constant temperature. 
this is not true, however, in an actual production part, was shown 
by a later study in which the foam expansion was monitored in 
several distributors subjected to 180°F for 24 hours - Phase IIa; 
the results from which showed that the expanding forces were 
stabilized after approximately 12 hours. 

That 

Proof that linear growth of laboratory specimens will not continue 
at a significant rate if subjected to a temperature slightly lower 
than the post cure temperature is shown by specimen 25 thru 38 which 
were heated an additional 24 hours at 180°F following a 24 hour 195OF 
cycle. 
(in 8" thick specimens) occurring during the 180' cycle. 

Calculations show an increase of only 0% to .2% maximum 

Effects of Restricted Foaming on Post Expansion 

Comparison of results from similarly processed "free foamed" and 
"restricted foamed" specimens (Figures 1 thru 6) indicates that 
restriction should be limited to the minimum required to effect 
uniform packing. Expressed as percent of original thickness (8") ' 

the free foamed specimens expanded approximately 2 to 4% vs 6 to 8% 
for the restricted foamed specimens. 

Effects of Initial Mold Temperature Plus a Room Temperature Initial 
Cure on Post Expansion (Specimens 17 - 24, Figure 9) 
Results show that, in general, the higher the mold temperature at 
the time of pour the less the degree of initial and m t a l  post 
expansion resulting from subsequent thermal exposure. 
specimens foamed in llO°F molds deviated from the preceeding 
statement in that they expanded less than specimen foamed at higher 
initial mold temperatures except for the 195'F specimen. 

.However, 
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The overall results indicate a definite advantage to foaming in 
preheated molds or distributors. This is in contrast to the 
requirements of our present foaming process which calls for a 70 
to 90°F mold. 

Combined Effects of Initial Mold Temperature Plus Initial Cure 
Temperature on Post Expansion (Specimens 25 - 38: Figures 10 & 11) 

In general, these specimens show about the same trend among 
themselves as did specimens 17 - 24 (Section 5.1.3.5); except that 
the 195'F mold temperature yielded some what less expansion than 
the 220' mold, as shown by Figure 10. 
temperatures higher than 195'F are of no apparent advantage, with 
respect to the intended application. 

This indicates that mold 

Comparisons, as to the degree of post expansion, of specimens with 
couunon initial mold temperatures but with different initial cure 
temperatures (150°F, llO°F and R.T.) show only a slight advantage 
of the higher temperatures tf compared on the basis of "% expansion 
as % of original thickness". 
compares data on an equivalent time-temperature basis. But - a 
significant advantage is shown (45 to 50% at 195O and 150' mold 
temperature) if compared on the basis of 'I% difference in degree of 
expansion". The llOo molds showed only 17% less expansion when 
compared on this same basis. 

The 195O mold/150°F initial cure temperature shows a noticeable 
advantage over the llOOmold/llOOF initial cure. 
best by Figure 12. 

Varying the time at 150°F during the initial cure (20 hours for 
specimens 25 - 30 and one hour per inch of thickness (8 hrs) 
for specimens 31 - 36) made trery little difference in the degree 
of post expansion. 

This is illustrated in Figure 12 which 

This is shown 

This is shown by comparison of similarily processed specimens in 
Figures 10, 11, and 12. 

Comparison of Dimensional Changes Determined With Electrical Deflec- 
tion Transducers vs. Manually Determined Data: 

Data from Table I1 which shows expansion monitored during the 195'F 
cycle indicates the same trend as manually determined data. i.e. 
The average expansion of duplicate specimens 31 and 32 is less than 
the other specimens. 
This, also, is in line with the manual measurements. 

Comparison of Best Cure Cycles 

Table I11 (180° cycle) shows no expansion. 

Figure.13'compares the worst of the best cure cycles (where specimens 
were run in duplicate). From this it appears that, from a standpoint 

S40S-@b2@ ORIO. 4/68 , 
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of eliminating post expansion, the process to which specimen No. 31 
was subjected will yield a satisfactory foam. 

Foam Quality 

The foam quality of all specimens (except for 14 and l@ appeared 
to be satisfactory for the intended application. The cell size of 
the elevated temperature processed foami appeared to be somewhat 
larger than room temperature processed specimens. However, the 
cell size was well within the limits called for in BAC 5434. 

Effects of various Foaming Procedures on Foam Density (Figure 14) 

"Free foamed" specimens (1-6) were somewhat less dense than similarly 
processed "restricted foamed'' specimen (7-12). This indicates that 
restriction should be held to a minimum, if the density is critical, 
required to obtain uniform packing. 

Density values of "restricted foamed" specimen 17-36, which were 
foamed in preheated molds were generally lower than "restricted 
foamed" specimens foamed in room temperature molds. From this it 
appears that preheating the mold will result in a density closer 
to the maximum specified by BMS 8-38 (2.3 to 2.5 #/ft3). Although 
the density values of some:specimens deviate from this statement, 
the cause is theorized to be from the inherent sensitivity of this 
particular foam system.i.e. Loss of blowing agent by evaporation 
during repeated openings of the container; deviating from the 
Specified ratio will also affect the density. 

Conclusions and Recommendations 

The results definitely show that Stafoam AA 1802 (BMS 8-38, Type I, 
Gr. "FR"), when foamed and cured at room temperature per our 
60B32016 foaming process, is dimensionally unstable when exposed to 
subsequent elevated temperatures in the range of 150 to 195'F. 
Expansion at lower temperatures was not determined. 

With consideration as to which foaming procedure and cure cycle 
resulted in the least initial and least total post expansion, caused 
by thermal expBIure, it appears that the following general process 
will produce a satisfactory foam: 

' 

1. Foam in a 195'F mold. 

2. Initial Cure: After 30 minutes rigidifying time cure at 1500 
tol6Oq for one hour per inch of linear foam thickness then cure 

DHorizootal stress cracks developed in 14 and 15 due to too high a temperature 
exposure (with covers off) too soon after foaming. See Foam Flow Chart for 
exact conditions. 
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20 to 24 hours minimum at room temperature. 
cover shall be in place during the initial cure). 

(Restraining 

3 .  Post Cure: 
5'F. 

Remove cover and cure for 20 to 24 hours a t  195 f 

4. Remove excess foam. 

REV. SYM. .-, 

S-400-05-2* ORIO. 4/06 
JY 

NO. T5-6556-13 
PAGE 16 



0 

- 

1 I I I 

3 ,041 ,031 .ow 
I 

m. T5-6556-13 
moa 17 

I I I I I I 
I I I 

I I 



' \  

0 

I I I I I I I I 
' Mold: 12" x 8" x 3.5"; Expansion i n  8" (foam rise) direction. 

Measurements taken across 3.5" d i r e c t i o n  3" from each end. 
. 

2 6 REV. 

OETIRulATUyl OF DWSIDWIL 
STSILITY OF CUISD BOLS 8-38 TYR 1, 

w m  ~ 0 .  T5-6556-13 

?Mt 18 



T I B U  
LINMR Pl(PIYSTOII O? 8-38 cum nl&llkm) BY - EPUT ctlw C T C U S .  

I, OR FR FOAM -R VARIOUS IblfiIAL 

.0/4 . O / J  .ma . trx 
Mold: 12" x 8" x 3.5"; Expansion i n  8" (foam r i s e )  direct ion.  
Measurements taken across  3.5" d i r ec t ion  3" from each end. 

b '  I I I I 

, 
ISIBIWBATUHI O? DI)QHSDNAL 

I STABILITY O? C U m  BI(s 8-38 TYPE I, 
0R.FR FOAW TABLE I, PHASE Ia&8r3d~2) 

- ! H I  REV.SYM.a-D nO. T5-6556-13 
PAGE 19 



' \  

0 



Ilbll/krcib No. T5-6556- 13 

PAGE -21 

I 

I 

I 

I 

I 

- 
I 

I 

3 

I 

3 

I 

I 

I 

3 

I 

I 

I 

3 

I 

. 

* 

HOT I I I 
I 

. /37 

,os3 

.260 

t 029 

I I I .  I I I I 

Mold: 
Measurements taken across 3.5" d i r e c t i o n  3" from each end. 

12" x 8" x 3.5"; Expansion i n  8" (foam r ise)  d i rec t ion .  

I I I I 1 1 I 

[ DETMMIIOATJDH OF DIMEUSIONAL, 
STABILITY OF Cum BDlo 8-38 TXm 1, 
0R.m Irou( TABLE I, PHASE I a h e  5 4/21 

REV. SYM. - 



MIN. MA%. Avo. MIN. - 
.a/e f ,046 

2 0 

0 3 030 0 

i 2a 

P 0 - 0 - 
0 

e 

D 0 

4 

2/ ,211 ,230 

3 ,835' 

,005 

I 1 I I I I I -. Mold: 121t x 8" x 3.511; Expansion i n  8" (foam r i s e )  d i rec t ion .  
Measurements taken across 3.5" d i r e c t i o n  3" from each end., 

I I I I I I I z I 



\ 

I 

I I 
f I 

, 

I I I - Mold: 12" x 8" x 3.5"; 
Measurements taken acros 

MOT I .  Cou) 

I I I I 

3.5" d i rec t ion  3" from each end. 
xpansion i n  8" (foam r ise)  d i rec t ion .  

flu!/- NO. T5-6556-13 
PAGE 23 

. .. 



TIBIS I 
a 

I I I I I 

I I I 1 

I 

* 
-4- 

Mold: 
Measurements taken across 3.5" d i r e c t i o n  3" from each end. 

1211 x 8" x 3.5"; Expansion i n  8" (foam r i s e )  d i rec t ion .  

, STABILITY OF Cum B)(s 8-38 TYPg 1, 
QR.FR FOAM TABLE I, PHASE I a h r 8 4 I Z )  

e 



0 

I I I I I 
I I I I 

p.u* f v  ; .I,.,*%. ' 4  1 .O!O 
I I I 1 

I I I I 
12" x 8 " . x  3.5"; Expansion i n  8" -1 Mold: 

I I 

ioam : r i s e )  d i r e c t i o n .  
1 Measurements taken across 3.5" d i r e c t i o n  3" from each end. 

I I I I 
I 

I I I I 4 DZTEIUKQIATIOH OF D ~ S I O N A L  
, STABILITY O? Cum 8-38 TYPE I, 

0R.m FoAn TABU I, PHASE la(hdr 9 *f 19 
~ ! / ! I ! #  No. '15-6556- 13 

PAGE 25 



.g!W 

Jd REV.syM*- 

2 1- 4m3 . C m Z r  oo/ ,m a=-oo/ -2m2 
1 

I I I 
Mold: 
Measurements taken across 3.5" direction 3" from each end. 

I I I I 

12" x 8" x 3.5"; Expansion in 8" (foam rise) direction. 

I 

I 
~ I W I I A T I ~  W D-SUINAL 
STABILITY O? CU- Boss 8-38 TYPS 1, 
OR.FR mn , 

TABLE I, PHASE 1a&8e)04 J& 
m ! i M e  No. T5-6556-13 

? A M  26 



\ 

0 

. I 

i 

1 
1 Mold: 12" x 8" x 3.5"; Expansion in 8" (foam rise) direction. 

Measurements taken across 3.5" direction 3" from each end. 
* I  I I 
i DEl'BIWMATIOU OF Dll lwsIONAL 

I I 

r 
L , STAB- OF CUiBD B)Ls 8-38 TYm I, 

 OR.^ w TABLE I, PHASE I a b I Y r + / a  

0 

- REV. SYM. ,-) 

NO, T5-6556-13 
PAGE 27 

I 



' I .  

, 

0 

Mold: 12" x 8" x 3.5"; Expansion in 8" (foam rise) direction. 
Measurements taken across 3.5" direction 3" from each end. 

r I I I _-  

DISTBRUIUTIO# OF DMLIYSIDNAL 

QR.FR rrUn TABLE I, PHASE Ia&/%+/2) 
I , STAB- O? Cum BDCS 8-38 TYPE I, 

coco 
A M  1 YIM 

I 

+ 



I 

I 

I 
i 
5; 
i 
a W 



I 

I 
I 

I 
I 

I 

I 
4 

i 
I 
I 

I 

I 

I 

I 

i a 

f 
e 
9 c 

1 
C 

I 

1 
I 

IL 

i 
0' 

' I  i 
s 
i 
W 
0: 



I 
-, 

. ~ , .  1 ,  

Specimen Data: 

No. i I n i t i a l  Cure , ' Densit 
1 .  1 

I i I 
I 

- &  

I -  ~ .* * 1  Free Foamed 1 Hr @ R.T. 2 . 3 5 2 , i P  

' 

2 Free Foamed , 1 Hr @ R.T. 1..47 */($.e I 1 X I  

I " ' 
1 .  

! . .  

I .  

. .  
I . .  

I ,  

. . . . . .  
' .  
, . , . .  
8 ,  
I .  

. . . .  

. .  
. . . .  8 

I .  . , I  , . ,  i ,  
. .  / . .  

' ,  . . .  ..,. , . . i  ..... I.. '. . . . . . . . . . . . .  
. : '  I .  . i ,  ; , . !  

1 ' :  
i . , . . ! .  . , 

. I . . *  

._ . , .  
. ,  

, . . 1 ,  

, . . . . .  
I "  

: .  . . .  8 ,  ! '  . .  1 . .  . 3 ,  1 .. ,- ; . .  . ,  
, I  ,.. 

I 

. .  
t 

. .  
. ,  

, .  . 
. . . .  . L . .  ..... 

1 

! . .  

, ( .  

. .  
. . - -  _. .- . 

... 

. . . . . . . . .  .,.. 
! 

I I 1 1 I '  1 1 I : 1 
. . . .  . 

f i g  CoLd ; n c n c  n c  
4 

: + . _  _ '  5 . ,---- 
, i 

I I 
SYCLE NO.,- I ; 1 2 : -  

1 

, #VS &MP.'P' 195 / 95 / 95 
yt.eTiMp3 5 6 6 6 I 

ALC REVISED OATS BMS 8-38 Type I ,  G r .  "FR" Rigid Foam 
HECK 

PR V s .  Elevated Temp. Cycling. 
Linear Expansion of 8" THK. Spec. 

T5-6556- 
P A 6 6  

PPfiseTa,, Figure  I 
PR 

L 31 THE BOEING COMPANY 
. 



. .  
. . .  

L , ' ,  , 

ALC 

HECK 

LPPD. 

I N I T I A L S  DATE REV BY DATE TITLE MODEL 

. BHS 8-38 Type I ,  Gr. "FR" Rigid Foam. 
Linear Expansion of ,  8" THK, Spec. 
Vs Elevated Temp. Cycling. 

1 II 1 I Figure 1 P H s s t  f a  , bPPD. 1 
UJ 1013 WOO REV. 12-64 I 

REV LTR NU 



. I . . . . .  ,._....._., .,,~ _,. . ,  ~. ... < . . , .. , , , ). . . ,.. ., ..._ ., .. . .', 
. .  I . . .  . .  , 

.. .. 
< 

. . . . . . . 
. .-.- . I . . , 

. ,  
. .  . I . .  . , .  , 

, .  . .  
. . .  , 

, .  
. .  

ALC 

HECK 

PPD. 

PPD. 

I N I T I A L 8  OAT€ ' By TITLE mocmL I N I T I A L S  DATE 

BMS 8-38 Type I, Gr. "FR" Rigid Foam. 

Ve Elecated Temp. Cycling 
, Linear Expandion of 8" THK. Spec. 

L A PhkseIa 

REV LTR 
&/ 

B m s - . c  1 NO. T5-6556-13 

I sn. 33 



. . . . .  - .................. ... . ~ 

X L C  

:HECK 

4PPD. 

kPPD 

Specimen Data: 

- No. Initial Cure Density 

I , 
- ,  ' 

TITLE MODEL I N I T I A L S  DATE ,NIT,ALS REV BY DATE 

BMS 8-38 Type I, Gr. "FR" Rigid Foam. 
Linear Expansion of 8" THK. Spec .  vs 
Elevated Temp. Cycling. 

Figure 4, PHA s e 1 2  

7 
8 

.. 
. .  

. .  
.. - . . . .  . . . .  . /  . . . . . . . . . . .  

. .  
I .  

. .  
I .  

. .  . .  
. ,  

1 .  . . - _  . 

. , . .  

. . . . . . .  , ,  

195 

6 
4 95 
6 



Specimen Data: 

Restricted Foamed 
. .. I, 

spec, sme : 12''xg%3,5j E X ~ ~ A N F ~ O ~ . ,  1 ~ 1  8"dkecfio,v. 

I 

YCLE 



I 

CD I I RMC "-38 Type I ,  Gr. "FR" Rigid Foam. 
Linear Expansion of 8" THK. Spec. 
V s .  Elevated Temp. Cycling. 

'R 5-6556-1 - ?Un.re& Figure 6 
'R 



. .  ...... .. . . . . . . . .  . . ___. ~ ._. _ _  .- - _. __ . .  _ _  ~. 
I 

:ALC 

' n m  
4PPD. 

4PPD 

. .  b 

TITLE MODEL I N I T I A L S  DATE REV BY DATE 

BMS 8-38 Type I, Gr. "FR" Rigid Foam 
Linear Expansion of 8" THK. Spec. 
Vs Elevated Temp. Cycling. 

PI?Al& a, Figure 7 

i 
h 

k 

i 
t 
5 

1 I 
i 
I 

~ 

i 

Specimen Data: 
. .  

. 770. Initial Cure Densit - 
14 Restricted Foamed 1 Eir @ X.T. 2. z 9 *+ 

Restricted Foamed 2 Hr @ R.T. 2.59 */&? 

. . . . .  ..... . . . . . . . . . . . . . .  , . .. ,#..  . a ,  . . . . .  ......-.-.__ 
+.boL' : 1.: 4 . . 

w 
x 

. . . . . . . . . . .  ~. . .  

I 
. . .  

. .  
. .  

x 

, .  
. - .  . . . .  

. .  ....... 1 . . .  
. . . .  

. I  

. . . . .  . . .  , _  . 

- .  
. . . .  , . . . . . .  . . .  . .  

. . .  . . .  

. .  . .  
. . . . . .  , - ,  

. . .  
. .  

. . .  
. . . . . . . . .  
. -  . . - . ,  .. ~ 

. .  . .  
, .  

1 - . .  

.. 

- . .  . . .  

. . .  

*~ . 

. . . . . .  - .  

.- . . , . ~. 
. ,  
. .  

. . .  . . . .  . , . .  
. c . . . . .  _ . * _  . . . . .  . . . . . . .  

. . .  - .  . ,  . . . . . . .  
, .  

L .  
. I  

. . . . . . . . . .  
, 

. ,  

REV LTR B n ~ H ~ ~  I NO T5-6556-13 
SH. 37 



# 

ALC 

ucct 
n 

8-38 Type I, Gr "FR" Riaid Foam. 
inear Expansinn of 8"?HK. Spec. 

'VI Elevated Temp. Cycling. 

i 

n 
I 

~ B o € N e - A N Y  

I 

P U I  
38 

Spechen Data: 

- No. ,Initial Cure 
16 Restricted Foamed 1 Hr. 8 R.T. 

2 .  

f5@ 
6 

3 4 



.87  

.7 - 

.6 - 

Linear Expansion of  8" THK. Foam 
S p e c .  Vs. Thermal Cycling 

Effect of Mold Temperature on Linear 
Expaneion of BMS 8-38, Type I GR. "FR" 

1 
- - _  

I 1 II I Foam 
#*URC 9 .  # # r u g  PPD 

U3 4013 $000 REV. 12-64 

REV LTR 0 mmmHNa 1 NO T5-6556-13 
SH. 39 



ALC 

HECK 

t??D. 

REV LTR && 

REV BY 
TITLE MODEL INITIAL* DATE ,NITIALC DATE 

, Effect of Initial Mold Temp. & Initial 
Cure Cycle on Post Expansion - BMS 8-38, 
Type I, + "FR" Foam 



Notes: (1) Max. values from Table p lo t ted  t o  show cumulative 
expans ion. 
Spec. s ize :  12" x 8" x 3.5"; Expansion i n  8" di rec t ion .  
I n i t i a l  cure (specimens 31-36): 8 H r .  @ 150°F + 24 H r .  @ 
R.T., with cover on. 
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DATE lNITIALL DATE 

Effect  of I n i t i a l  Mold Temp. & I n i t i a l  
Cure Cycle on Post Expansion - BMS 8-38, 
Type I, + "FR" Foam. 

- 

Figure 4 1 .  fa  

(9) Other Spec. Data: 

Spec. No. . I n i t i a l  Mold Temp. Final  Density 
(f/Ft3) 

f r 

31 & 32 
33 & 34 
35 & 36 
37 & 38 

195'F 
15 OgF 
110 F 
llO°F 

2.37 & 2.40, Respect. 
2.45 & 2.52, 
2.37 & 2.42, 
2.68 & 2.72, 
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PHASE Ib 

Objective 

To compare t h e  thermal s t a b i l i t y  o f  s i a i l a r l y  processed 
Stafoam ~ 8 0 2  and Nopco ~ 6 1 0  r i g i d  polyurethane foam 
materials. 

Test Procedure 

Four 8" x 4" x 3.5" aluminum molds plus covers were prepared 
(two f o r  each foam mater ia l ) .  
i n  each mold; l oca t ed  1" and 4" from t h e  bottom. 

Two therL:locouples were i n s t a l l e d  

The materials were mixed per manufacturer's ins t ruc t ions ,  
poured i n t o  room temperature molds and cured at room 
temperature (with covers on) f o r  24 homs. Peak exotherm 
temperatures were monitored during foarring. 

The l i n e a r  expansion was monitored with e l e c t r i c a l  def lec t ion  
transducers throughout t h e  oven cycle, which was 195 
f o r  36 hours. The oven was at room temperature i n i t i a l l y  but 
reached t h e  t e s t  temperature i n  approximately 15 hours. 
foam specimens s t a b i l i z e d  a t  t h e  t e s t  temperature a f t e r  2 
hours . 

10°F 

The 

Test Results 

Presentation of Data 

Table I shows t h e  inches of  l i n e a r  expaiision as determined 
with e l e c t r i c a l  def lect ion transducers.  
of t h i s  data. 
expansion of t h e  two materials.  

Figure 1 i s  a graph 
Figures 2 and 3 (photographs) show t h e  r e l a t i v e  

Expansion 

The Stafoam expanded 0.30" and t h e  Nopco expanded .075" over 
a 36-hour per iod a t  195 10'F. Percer,tage wise, t h i s  
amounts t o  about 4% and l$, respectively.  

Exothermic Temperature 

The maximum exothermic temperature of t h e  Nopco was 89' higher 
than t h a t  of t h e  Stafoam. 
260' and 275OF near the geometric center ;  corresponding Stafoam 
temperatures were 171°F and 186'~. 

Duplicate Nopco foam blocks showed 

Thermocouples loca t ed  1'' from t h e  bottom of  t h e  foam blocks 
showed llg°F and 127'F f o r  Stafoam; t h i s  compares t o  200°F 
and 216 '~ for Nopco. 

"3 REV. SYM. .-. 
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5.2.3.4 Foam Density 

3 The dens i ty  of t h e  r e s t r i c t e d  foamed Stafoam was 2.5 #/ft . 
The densi ty  of  t h e  Nopco was 8,3 #/f't3. 

5.2.4 Conclusions 

When foamed and cured at room temperature, t h e  Nopco has 
g rea t e r  dimensional s t a b i l i t y  when subjected t o  subsequent 
e levat  e a  temperature exposures . 
The Nopco generates more heat during foaming, 

The densi ty  of t he  Nopco foam i s  3 t o  4 times t h a t  of t h e  
Staf  oam. 
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5.3 

5.3.1 

5.3.2 

PHASE IIa 

Objective 

To determine t h e  e f f ec t s  of post foam expansion on e l e c t r i c a l  
cont inui ty  and on or ig ina l  dimensions of assembled d i s t r ibu to r s .  

I d e n t i t y  of Distr ibutors  Tested 

No. 1 "Sequence and Control", 60B62028-7A, S/N 0000011, Mfg. 
9/21/66 

History: 
-ut not exposed t o  e levated temperatures t h a t  e f fec ted  

Previously subjected t o  Boeing r e l i a b i l i t y  t e s t s  
- 

foam expansion. One foam w a l l  of  t h e  p r in t ed  c i r c u i t  (P.c.) 
card cavi ty  had been shaved back t o  meet drawing dimensions. 
Figure 2a shows t h i s  d i s t r i t i t o r  before heating. 

No. 2 "Thrust OKM , 60B62295-5A, S/N OOOOOl7, Mfg. 6/6/66 - 
History: Previously subjected t o  BRT but not exposed t o  
e levated temperatures t h a t  e f fec ted  foam expansion, None 
of t he  f o a m  ~1lrfscecr h?C? beer, tr ixzed, Flgci-e 3a shows tnis 
d i s t r i b u t o r  before heating . 
No. - 3 " T i m e r  Dist r ibutor" ,  60~62030-1, S/N 0000001, Mfg, 8/4/65 

History: 
m u r i n g  which t h e  d i s t r ibu to r  was exposed t o  a 250°F oven 
temperature (while being in t en t iona l ly  subjected t o  180°F for 
1 hour) due t o  a malflmction of  oven controls .  
temperature was reduced t o  122'F and t h e  pressure reduced t o  
2 psig. The exact time a t  these  conditions was not recorded. 
A l l  foam walls, except one r e l ay  wall, had been trimmed back 
t o  meet drawing dimensions. Cracks i n  t h e  foam surface were 
evident - probably caused by t h e  high temperature exposure e 

Figure 4a shows t h i s  d i s t r ibu to r  before heat ing per t h i s  t e s t .  

Previously subjected t o  Boeing qua l i f i ca t ion  t e s t s  

The 

No. 4 "Sequence and Control", 60~6202€-1, S/N OOOOOO3, Mfg. 
8/6/65 

- 
f i s tory :  Previously subjected t o  BQT but not exposed t o  
elevated temperature t h a t  e f fec ted  foam expansion. None 
of t h e  foam surfaces  had been trimmed. 
t h i s  d i s t r i b u t o r  before heating. 

Figure 5a shows 
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5.3.3.1 
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5.3. .2 

Test Procedure 

Test Conditions 

Distr ibutors  No. 1 and No. 2 were subjected t o  a nominal 
180 No. 3 and No. 4 
were subjected for  16 hours. The assembled d i s t r ibu to r s  
were placed i n  room temperature ovens and s t a b i l i z e d  at  
180 f, 5’3’; t he  exact time required fo r  each d i s t r i b u t o r  
t o  reach temperature is  shown i n  Tables I t h r u  I V .  

5OF oven cycle f o r  22.5 hours. 

Measurements 

The dimensional changes, caused by the  expanding foam, 
were monitored w5th e l e c t r i c a l  def lect ion ind ica tors  
(EDI) at  points described i n  Table I, which i s  t y p i c a l  
f o r  a l l  d is t r ibu tors .  
t y p i c a l  setup of the  t e s t  apparatus.) 
dimensional changes were a l s o  determined, manually, at 
t h e  points  described i n  Section 5.3.3.2.1. Effects  of 
t h e  expanded foam on e l e c t r i c a l  cont inui ty  were determined 
tJ-ith a Bendix Analyzer. 
temperature t o  s t a b i l i z e  was determined with thermocouples 
embedded i n  the  foam and monitored with a time-temperature 
recorder. 

(Figures la ,  lb, and IC show a 
I n  addition, 

The time required f o r  the  foam 

Equipment Used and Points Measured Manually 

Measuring Equipment 

a. Level t ab le  for  holding specimen and measuring 
equipment . 

b. Level blocks f o r  level ing specimen. 

C. D i a l  ind ica tor  f o r  horizontal  measurements. 

d. Ins ide  micrometer f o r  v e r t i c a l  measurements. 

e. Fixture f o r  holding d i a l  indicator  i n  f ixed  
pos i t  ion . 

REV.  SYM. --~ 



5.3.3.2.1 (Continued) 

Nominal Location of Points  Measured (see sketches below) : 

Point 

1 & 1' 

2, 3 ,  8G 2 ' ,  
3' 

4, 5, 6, 8c 7 

9 & 10 

11 & 11' 

14 & 14' 

18 & 18' 

Locat ion 

Top center  of foam masses loca ted  perpendicular 
t o  ends of p.c. cavi ty .  

Foam surface 3" each s ide  of po in ts  1 & 1'. 

Distance between opposite points  on foam w a l l  
o f  p.c. cavity.  Points loca ted  as follows: 

Vert ica l  center  l i n e ,  1 1/4" from top  

1.5" from v e r t i c a l  center  l i n e  and 1.5" from tox 

1.5" from v e r t i c a l  center  l i n e  and 3" from t o p  

V e r t i c i l  center  l i n e ,  4" from t o p  

Distance between opposite points  on metal 
walls of p.c, cavity.  Points loca ted  
mid-distance of long axis 2" from bottom. 

Distance between opposite points  on foam 
w a l l s  o f  r e l a y  cav i t i e s .  Points l oca t ed  at  
approximate geometric center  of foam w a l l s .  

Long terminal  boards, mid-distance of long 
axis along in s ide  edge. 

Long terminal  boards, 3" each s ide  of points  
11 & ll' along ins ide  edge. 

Long terminal  boards, approximate geometric. 
center  

Long terminal  boards, 3" each s ide  of points  
14 & 14' along long axis 

Short terminal  boards, mid-point of long axis 
along in s ide  edge 

Short terminal  boards, approximate geometric 
center  . 
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IOCATION OF POINT MEASURED MANUALLY 
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Test Results 

Presentation of Data 

Dimensional changes monitored with ED1 are tabula ted  i n  
Tables I t h r u  IV.  
i n  Tables V - V I I I .  Figures 2a th ru  5c show the  various 
d i s t r ibu to r s  before and a f t e r  heating. 

Ef fec ts  of Foam Expansion on E l e c t r i c a l  Continuity 

Ci rcu i t ry  checks with a Ben- Analyzer before and after 

Changes determined manually are shown 

~~ 

heat ing s h o e d  no evidence of open c i r c u i t s  i n  any of t h e  
four  d is t r ibu tors .  

Effects  of Foam Expansion on Original  Dimensions 

The major expansion took place i n  t h e  unconfined areas  which 
were t h e  v e r t i c a l  foam walls of t h e  p.c. .card cavi ty  and 
t h e  r e l a y  cavi t ies .  
show t h e  various d i s t r i b u t o r s  after heating. 

Figures 2b, 2c, 3b, 4b, 5b, and 5c 

The m a x i m u m  expansion measured on a s ing le  foam wall was 
.60ii, i n  d i s t r ibu to r  No. 1. 
d i s t r i b u t o r s  2 and 4 showed similar, though somewhat l e s s  
expansion. 
i n  t h i s  area, the reason being a t t r i b u t e d  t o  i t s  thermal 
h i s t o r y  (Section 5.3.2.). 

The foam w a l l s  o f  

Distr ibutor  No. 3 showed very l i t t l e  expansion 
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Large air  pockets were formed, as shown i n  Figures 2c 
and 5c, behind the  preformed dams. 
t h e  outer  surface of these  dams had been removed (see 
h i s to ry  of t h e  various d i s t r ibu to r s ,  Section 5.3.2) 
t h e  permeabili ty was apparently increased, r e su l t i ng  i n  
somewhat less expansion. However, complete removal 
of these  dams (Phase I I I c )  d id  not e l iminate  a l l  t h e  
foam expansion. 

I n  areas where 

The m a x i m u m  expansion or  def lec t ion  measured on t h e  
terminal board s ide of any of t he  four  d i s t r i b u t o r s  
wits .08'~. 
of negative def lect ion as determined manually - Tables 
VI1 and VIII. 

Distr ibutors  3 and 4 even showed evidence 

Effec t  of Foam Expansion on t h e  "Union Switch Relay" Holes 

The foam expanded considerably i n t o  t h e  vacant holes making 
AuuALAA+ I Ib.~Du-~y 111 VI UGI b u  I L L ~ ~ L L ,  ~ e ~ t t y s .  Dis t r ibu tors  

3 and 4 had relays i n s t a l l e d  p r i o r  t o  heating. 
cases t h e  expanding foam did  not adversely a f f e c t  t h e  holes. 
This i s  bes t  shown by d i s t r i b u t o r  No. 4 - Figures 5a, p, 
and 5c. The relays were easy t o  remove, except f o r  those 
loca ted  on t h e  ends where t h e  foam had expanded aga ins t  
them. 

+.+.:-inn ~ ~ ~ ~ " " " l r  2." --.a3̂ - A -  _..---.-.I. - - - - I - -  

I n  these 

Effec ts  of Foam Expansion on Metal Walls of P.C. Card Cavity 

The foam expansion did not s i g n i f i c a n t l y  e f f e c t  the  dis tance 
between these  w a l l s  as shown by both the  ED1 and t h e  manual 
measurements. I n  addi t ion  t h e  r e l a t i v e  ease with which p o c o  
cards could be in se r t ed  before and after heat ing was 
unchanged 

Time Required f o r  Foam Expansion t o  S t a b i l i z e  

Results from Tables I - I V  show t h a t  foam expansion s t a b i l i z e d  
i n  approximately 3 1/2 t o  12  hours (depending on t h e  
d i s t r i b u t o r )  from t h e  time t h e  oven was turned on. 
s tud ies  have shown t h a t  t h e  oven used takes about 1 1/2  
hours t o  go from ambient t o  180 f 5' F.) 
showed no more expansion a f t e r  12 hours. 
s t a b i l i z e d  after 8 hours. No. 3 s t a b i l i z e d  af ter  3 1 /2  
hours, but t h i s  fast s t a b i l i z a t i o n  i s  a t t r i b u t e d  t o  i t s  
thermal h i s to ry  (Section 5.3.2). 
of t h e  t o t a l  expansion was ef fec ted  by t h e  t i m e  t h e  foam 
reached t e s t  temperature, which took 2 t o  3 hours s t a r t i n g '  
from ambient. 

(Later 

Dis t r ibu tor  No. 1 
Nos. 2 and 4 had 

I n  all cases 50% or  more 
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5.3.5 Sumnary of Results 

O u t  of severa l  thousand c i r c u i t s  checked the re  was no evidence 
of broken wires caused by foam expansion. 

The maximum degree o f  outward bulging measured on the terminal 
board s ide  of any of the four d i s t r i b u t o r s  t e s t ed  was l e s s  than 
0.1 inches. 

Expansion i n t o  the  p.c. cards appeared t o  be the  only a rea  where 
functional damage might occur. Phase I I b  was i n i t i a t e d  t o  a sce r t a in  
t h i s .  
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1 

1' 

+.010 - .016 - .026  

+.033 0 - .033 
1 

2 f i .011 

2 '  h . 0 1 8  

7 17.071 16.565 ,I - . 506  11 I 1 1 

- .006 - .017  
+.001 - .017 

1 1  

- 

3:800 - .013 I __ 1 

3 

9 h.005 16.531 I -.474 II  I 1 1 

+.014 10 - ,014 
1 

- 

10 k.960 16 .441  1 -.519 1 I 1 

3' b . 0 2 5  1 + .OQ8 '  

12 t.084 +.186 +.002 

12' t . 0 9 7  +.174 +.017 

13 &.095 +.138 +.043 

- .017 

14 
14' t . 0 9 7  +.131 + .034 

I I 1 I \ 

4 
5 
6 

15 b.086 1+.192 I +.006 11 1 

7.032 16.475 - .557 J 

7 .025  6.605 - .420  

7.080 6.590 - .490  
$ 1  

lacation o f  Pointr 
barured 

H'!/!WO 

Dirtance from I "'two point" or b.tfmem 2 opporite pointr beforo 
thexul exporure 

4% 

. 4 I g  - Dir tmce  f r a  "'tor0 point" or betwoen 2 oppodite pointr After 
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Phase. 
Distr. No. 1 -,, Phase IIa 

e. 
Control, S/N 0000011 
I-- - 
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2' +.024 . +.001 -.023 
3 +.058 +.005 -:053 

3' +.044 +.004 -.040 
4 6.904 6.150 -.754 

5 6.953 6.225 -.728 
6 6.973 6.010 -.983 

7 6.961 16.545 -.416 
8 3.756 ]ai755 -.(lo1 
9 17.017 16.411 I -.606 11 I I 

- - ~~ 

10 7.029 6.390 -.639 

11 +.086 +,161 +.075 
11' +.115 +.135 +.020 

12 +..095 +.173 +e078 

12' +.088 +.148 +.060 
13 b.104 +.137 +.033 
13n k.071 +.125 +.Os4 

I 1 n .  I I 

14 I I 1 I1 I I 

15' I I I I I 

Location of Pointr 
Meamred 

A L i  - Dbturce from a " I C I ~  point" or b-ecm 2 opporite pointr befor+ 
tharul exporurer 

' &I - Dirtance from "zero paint" or between 2 oppolite pointr i f tar  

4-i = 
Manually Determined Dimensional Changes 

hase I1 
Distr. No. 2 - Phase IIa 
"Thrust OK, SfN 0000017 
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, Distr. No. 3 - Phase IIa e 
, 

2 '  1- .025 I - . 026  I +.001 11 
I . 

"Timer", S/N 0000001 Ubase I: 

3 - . 015  - . 0 1 4  - , 0 0 1  

3'  - . 0 4 4  - .037 '  +.007 
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3 7 .069  6.984 -985 J I  

6 7.069 7 . 0 4 5  -.024 
7 7.101 7.032 - .079  

8 3.776 -3i789 +.013 
9 7.084 1 7 . 1 0 2  I +.018 1 I 

10 6.897 1 6 . 9 2 5  I +.028 I w 

11 b . 1 8 8  1+.104 I - . 0 8 4  11 4 . I I 
I I I 
I '  I I 



Distr. No. 4- Phase I I a  I 

"Seq. & Control, S/N 0000003 iPhase IT 
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7.116 
7.066 

6.581 - . 535  . 
6.691 - .375  

1 

7 

8 

9 
- 3.775 

6.905 

10 
11 
- 6 .'990 

+. 140 
7 

~~ 

6.4.S - .505 1 
+.150 +.010 I 

1 

11 ' 
12 
12 ' 
13 

- 
- - 

+.137 +.156 +.019 

+.127 -.(IO3 t .130 a + . l 5 8  +. 165 +.007 If I I 
- .005 II I I +.138 

t .127 

?-. 131 

+.124 

t .130 
t . 141  

- 
- - - 

... +.133 

+. 144 
+. 135 
+. 127 

+. 125 

- - - 
13' 

14 
14 ' 
- - 
2 

1s ' 

+.017 

+ ,004 
+.003 11 I I 
- .005 11 i I 

+ .140 

@I - Dirtance from a "zero point" or beween 2 opporite pointr before 
thermal exparure 

. 4hi = Dirtance f rom "xero point" or between 2 oppolite pointr After 

@I - Dirtance from a "zero point" or beween 2 opporite pointr before 
thermal exparure 

. 4hi = Dirtance f rom "xero point" or between 2 oppolite pointr After 
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FIGUmla , PHASE IIa 
Test Fixture For Determining Foam Expansion 

With Electrical Deflection Transducers(Typica1 Setup) 
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FIGURE 14, PHASE IIa 
Test  F i x t u r e  F o r  Determining Foam Expansion 

With E l e c t r i c a l  Deflect ion Transducers(Typica1 Setup) 
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FIGURE IC, PHASE I I a  
Tes t  F ix tu re  For Determining Foam Expansion 
With E l e c t r i c a l  Def lec t ion  Transducers(Typica1 S e t u p )  
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FIGURE 2 a ,  PHASE IIa 

D i s t r i b u t o r  N o .  1: Before Oven Cycle 

I d e n t i t y :  "Sequence & Control",  60B62028-7A, S/N 0000011, Mfg. 9/21/66 
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 tributor No. 1: After 0 

t 

FIGUREzd, PHASE I I a  

ven Cycle (180 f 5'F - 22 .5  Hr.) 

60B62028-78, S/N 0000011, Mfg. 9 
--*----e I. -. __ -  ~ - -  



F I G U R E ~ C ,  PHASE I I a  

A f t e r  Oven Cycle (180 * 5OF - 22.5 Hr.) D i s t r i b u t o r  No. 1: 

PHformed dam c u t  t o  show gas pocket 

I d e n t i t y :  "Sequence & Control",  60B62028, S/N 0000011, Mfg. 9/21/66 
* " *-.//____*-- - - 
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FIGURE 3a, PHASE I I a  

Distributor No. 2: Before Oven Cycle 

Identity: "Thrust OK", 60B62295-5A, S/N 0000017, Mfg. 6/6/66 
_- 1- -- _--." I 
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FIGURE 36 ,  PHASE I I a  

A f t e r  Oven Cycle (180 f 5OF - 22.5 Hr . )  D i s t r i b u t o r  N o .  2" 

I d e n t i t y :  "Thrust OK", 60B62295-58, S/N 0000017, Mfg. 6/6 /66  
- -- - -- 
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FIGURE+&, PHASE I I a  

D i s t r i b u t o r  N o .  3:  Before Oven Cycle 

I d e n t i t y :  "Timer" ,  60B62030-1, S/N 0000001, Mfg. 8 /4 /65  
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FIGURE G, PHASE I I a  

D i s t r i b u t o r  No. 3: A f t e r  Oven Cycle (180 2 5'F - 16 Hr.) 

I d e n t i t y :  "Timer", 60B62030- 1, Mfg . 8/4/65,  S/N 0000001 

- ---_. - _ f l _ - ~ _ L X  - - ~  
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FIGURB sa,  PHASE I I a  

D i s t r i b u t o r  No. 4 :  

I d e n t i t y :  

Before Oven Cycle 

"Sequence & Control",  60B62028-1, S/N 0000003, Mfg. 8/6/65 
_ - " - _ - ~ - _ _ _ _ 1 _ _ _ .  

I_ ~ - _ - _ ^ - _ - ~ *  ~ - 
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FIGURE si?-, PHASE IIa 

Distr ibutor  No.  4: After Oven Cycle ( 180 5OF - 16 Hr.) 

: "Sequence & Control, 60B62028-1 , S/N 0000003 , Mfg . 8 / 6 / 6 5  
I_ ---- ~___I_- "-- _ -  
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FIGURE 5 c ,  PHASE I I a  

D i s t r i b u t o r  No. 4 :  A f t e r  Oven Cycle (180 f 5OF - 16 H r . )  

Preformed dam cu t  t o  show gas pockets 

I d e n t i t y :  "Sequence & Control", 60B62028-1, S/N 0000003, Mfg. 8/6/65 
-~ ~ - - ---"- -- - --e------ 

- - -  ~- 



PHASE I I b  
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Objective 

To determine t h e  physical and e l e c t r i c a l  e f f ec t s  of foam 
expansion on pr inted c i r c u i t  ( p o c o )  cards, p.c. card 
components and p.c. card connectors. 
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I d e n t i t y  of Distributors Tested 

No. - 1 "Thrust OK", 6OB62295-5, S/N 0000019, Mfg. 6/27/67 

History: Previously subjected t o  BRT but not exposed 
t o  elevated temperature t h a t  e f fec ted  foam expansion. 
One of the  foam w a l l s  o f  t h e  p.c. card cavi ty  had been 
trimmed back t o  c lear  the r e l ay  components on the p.c. 
card. 

No. - 2 "Propulsion", 6062029-7, S / N  0000014, Mfg. 7/10/66 

History: 
elevated temperatures tha t  e f fec ted  foam expansion. 
of t he  foam w a l l s  had been trimmed. 

Previously subjected t o  BRT but not exposed t o  
None 

Test Procedure 

Printed c i r c u i t  cards ( r e l ay  and diode) were i n s t d l e d  
i n  t h e  two end slots nearest t h e  foam w a l l s  of the  p.c. 
card cavlty,  i n  each d is t r ibu tor .  
per dls t r ibu tor . )  
1 and 2 which were taken a f t e r  heating. 
oven cycle pictures were obtained. ) 

Both covers ( top  and bottom) were replaced and the  
d i s t r ibu to r s  were baked i n  an oven f o r  22 hours at  
180 2 50F0 !The oven ms cold t o  begin with 
and time at temperature, although not determined exactly,  
was approximately 19 hours. Results from Phase I I a  
showedthat  foam expansion s t a b i l i z e d  a f t e r  12  hours. The 

1% hours to heat from ambient to 180' 2 S0F.)  

(Total  of 4 cards 
The arrangement i s  shown i n  Flgures 

(No before 

(Note: 

oven used, as determined in other studies, takes approximately 
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S t a t i c  f u n c t i o n a l  t e s t s  were run on t h e  i n s t a l l e d  p . c .  
c a r d s ,  i n  both d i s t r i b u t o r s ,  be fo re  and a f t e r  h e a t i n g .  
D i s t r i b u t o r  No. 2 only, was f u n c t i o n a l l y  t e s t e d  a f t e r  
h e a t i n g ,  while  being v i b r a t e d  t o  q u a l i f i c a t i o n  test levels, 
t o  d e t e c t  any malfunction o r  r e l a y  c h a t t e r  n o t  i n d i c a t e d  
by t h e  s t a t i c  func t iona l  t es t .  

T e s t  R e s u l t s  

D i s t r i b u t o r  No. 1 (Figure 1) 

The foam wa l l  t h a t  had been trimmed d i d  n o t  expand i n t o  
t h e  c a r d s .  The untrimmed w a l l  expanded i n  t o  t h e  r e l a y  
mounting screws b u t  d i d  n o t  bow t h e  ca rd .  S t a t i c  
f u n c t i o n a l  tests showed no ma l func t ions .  

D i s t r i b u t o r  No. 2 (Figure 2 )  

The foam w a l l s  of  the p . c .  card c a v i t y ,  n e i t h e r  of which 
had been trimmed, expanded i n t o  t h e  a d j a c e n t  p . c .  c a r d s ,  
bowing t h e  ca rds  s l i g h t l y .  
and v i b r a t i o n a l  func t iona l  tests were conducted - n e i t h e r  
r evea led  any malfunctions o r  r e l a y  c h a t t e r .  

Because of t h i s  both s t a t i c  

Examination o f  Figure 2 shows t h a t  t he  foam w a l l s  a t  t h e  
ends of t h e  r e l a y  c a v i t i e s  expanded f u r t h e r  t han  d i d  t h e  
corresponding p . c .  card c a v i t y  w a l l s .  I n  Phase I1 a 
t h e s e  w a l l s  expanded j u s t  as f a r  o r  f u r t h e r  t han  t h e  
r e l a y  c a v i t y  w a l l s .  This  i n d i c a t e s  t h a t  t h e  p . c .  c a r d s ,  
p . c .  card components, s l o t s  and connectors  a r e  s t r o n g  
enough t o  prevent  the foam from reaching i t s  maximum 
expansion. Also, it was observed t h a t  t h e  foam w i l l  
tend t o  form around the ca rd  components @ 180' F. 

Conclusions 

The tests showed t h a t  pos t  foam expansion, when forced a t  180°F, 
w i l l  n o t  impair t h e  funct ion of t h e  p . c .  c a r d s .  
bowing r e s u l t e d ,  t h e  c a r d s ,  card connectors ,  e t c .  were s t r o n g  , 

enough t o  prevent  "damaging" expansion. 
v i b r a t i o n  no malfunctions o r  r e l a y  c h a t t e r  was d e t e c t e d .  

Although some 

Even under 
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FIGURE I , PHASE I I b  

IpUZ.ZNB 

Distributor N o .  1: 

I d e n t i t y :  "Thrust OK:, 60B62295-5, S/N 0000019, Mfg. 6/27/67. 

After Oven Cycle (180 f 5'F - 22 Hr.) 
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FIGURE 2 , PHASE IIb 

fl''/MD 

D i s t r i b u t o r  N o .  2 :  

I d e n t i t y :  "Propulsion", 60B62029-7, S/N 0000014, Mfg . 7/10/66. 

Af te r  Oven Cycle (180 f 5'F - 22 H r . )  
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PHASE IIIa 

Objective 

To evaluate an "oven f ix"  procedure t o  force  p o t e n t i a l  post foam 
expansion, under control led conditions,  i n  a d i r ec t ion  t h a t  w i l l  
cause no damage and w i l l  b e  easy t o  remove, thereby preventing 
expansion af'ter i n s t a U a t i o n  i n t o  t h e  vehicle.  

Iden t i fy  of Distributor Tested 

"Measuring Distributor",  60B62032-5A, S /N 0000007, Mfg. 6/8/66. 

History: 
designated as "scrap". 
which e f fec ted  foam expansion. All foam surfaces  were i n t a c t .  
Figure No. 1 shows t h i s  d i s t r i b u t o r  berore heating. 

Rejected off t h e  503 (not because of foam expansion) and 
No previous elevated temperature exposure 

Test Procedure 

195' Oven Cycle 

a. The v e r t i c a l  foam walls of t h e  p.c. card cavi ty  and of t h e  r e l ay  
c a v i t i e s  were reinforced by in se r t ing  metal "I" type supports t o  
prevent l a t e r a l  movement. 
terminal. boards were reinforced with f i v e  metal c l i p s  spaced evenly 
along each board. These were secured with p.c. card connector 
mounting screws. The r e l ay  holes were l e f t  open. 
was replaced t o  protect %he terminal  board wiring. 
was lef't o f f  t o  allow the  foam t o  ex and. The d i s t r i b u t o r  was 

was cold, i n i t i a l l y ,  and took approximately one hour t o  reach 
temperature. ) 

The unsupported in s ide  edge of t he  long 

The top  cover 
The bottom cover 

subjected to a nominal 24 hour, 195 P -5OF oven cycle. (The oven 

b. 
determined, manually, as described i n  Phase IIa. 

Dimensional changes caused by t h e  195' thermal exposure were 

C. 

180' Oven Cycle 

Effec t s  on cont inui ty  were determined with a Brooks analyzer. 

Af te r  t h e  necessary measurements were taken, following t h e  195' 
cycle,  t h e  excess (expanded) foam was removed from t h e  bottom 
surface and from t h e  re lay  holes.  
t h e  d i s t r i b u t o r  was reassembled including re lays ,  t o  simulate a 
t y p i c a l  f l i g h t  configuration. 
24 hour 180° 
respect  t o  preventing post expansion, t h e  195' cycle  did. 
t h i s  cycle, i n  addi t ion t o  manual dimensional measurements, 
dimensional changes were a l so  monitored with e l e c t r i c a l  def lect ion 
transducers as described i n  Phase IIa. 
with a Brooks analyzer. 

All supports were removed and 

It was then subjected t o  a nominal 

During 
5OF oven cycle f o r  24 hours t o  show what good, with 

Continuity was rechecked 
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5 .5 .4  . Test Resu l t s  

5 .5 .4 .1  P r e s e n t a t i o n  of Data 

Dimensional changes a s  determined manually a r e  shown i n  Table I .  
Changes monitored w i t h  ED1 a r e  p re sen ted  i n  Table 11. Figure  1 
shows t h e  d i s t r i b u t o r  before Bny h e a t  exposure.  F igu re  2 shows 
t h e  d i s t r i b u t o r  a f t e r  t h e  180 F c y c l e .  No p i c t u r e s  were ob ta ined  
a f t e r  t h e  195' cyc le .  

E f f e c t s  of Thermal Cycles on Continui ty  

E l e c t r i c a l  tes ts  run before  and a f t e r  each oven cycle  showed no 
e l e c t r i c a l  d i s c o n t i n u i t y  caused by t h e  thermal cyc le s .  

Dimensional Changes - 195' Cycle 

5 .5 .4 .2 

5 .5 .4 .3  

NO. T5-6556-13 
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a.  

b .  

C .  

d .  

e.  

The foam expanded approximately .5" p a s t  t h e  bottom f l a n g e .  
The d i s t a n c e  between oppos i t e  w a l l s  of t he  p . c .  card c a v i t y  and 
of t h e  r e l a y  c a v i t i e s  showed ve ry  l i t t l e  change as shown i n  
Table I. Two of t h e  points  ( n o ' s  4 & 10) measured showed a 
s l i g h t  i n c r e a s e  i n  d i s t a n c e  wh i l e  t h e  o t h e r s  showed a s l i g h t  
dec rease .  This was. probably caused by uneven s u r f a c e  con tac t  
between t h e  f ay ing  su r faces  of t he  foam and suppor t s .  

The t o p  edge of the r e in fo rc ing  suppor t s  was about 2'' s h o r t  of 
t h e  top  of t h e  foam walls and i n  t h i s  unsupported a r e a  more 
expansion was apparent .  Therefore  i t  i s  recommended t h a t  any 
suppor t ing  s u r f a c e s  contact  a s  much of t he  foam s u r f a c e  a s  
p r a c t i c a l .  

The d i s t a n c e  between t h e  me ta l  w a l l s  of t he  p . c .  card c a v i t y  
showed no change. 

The foam expanded considerably i n t o  t h e  empty r e l a y  h o l e s .  
Th i s  was removed without any d i f f i c u l t y .  However, it was l a t e r  
observed on another  d i s t r i b u t o r ,  t h a t  w i re s  may be embedded 
j u s t  beneath t h e  foam s u r f a c e .  Therefore ,  i t  i s  recommended 
t h a t  r e l a y s  or  mandrels be i n s t a l l e d  i n  
is undes i r ab le .  t o  prevent expansion i n  t h e s e  a r e a s ,  t hus  elimin- 
a t i n g  t h e  r i s k  of trimming. 

holes  were expansion 

The t e rmina l  boards showed no s i g n i f i a c n t  d e f l e c t i o n .  

5 .5 .4 .4  Dimensional Changes - 180' Cycle (F ig .  2) 

a .  The foam masses perpendicular  t o  t h e  p.c. card c a v i t y  showed a 
maximum l i n e a r  expansion (toward t h e  bottom of t h e  d i s t r i b u t o r )  
of .007", a s  determined by manual measurements. Although t h e  
bottom cover was on during t h i s  cyc le ,  expansion i n  t h i s  d i r e c t i o i  
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5 . 5 . 4 . 4  

5.5.5 

(Continued) 

was possible because of a small space, between the horizontal 
foam surface and the cover, caused by a slight concave type 
shrinkage that took place after removing the excess foam. 

If this shrinkage is undersirable it can be minimized by 
allowing it to cool then to stress relieve (by removing supports) 
for several hours before removing the excess foam. 

b. The distance between opposite foam walls of the p.c. card cavity 
decreased a maximum of .152", as determined manually (Table I). 
Deflections determined with ED1 (Table 11) showed that one wall 
deflected .07" and the other .04". 

c. EDL measurements were not conducted on the foam walls of the 
relay cavities but manual measutements showed a .215" maximum 
decrease in the distance hetween opposite walls of one of the 
cavities. (The other decreased .113"). Although this is more 
lateral expansion than expected the foam did not expand against 
the relays nor did it contact the p.c. cards, inserted after the 
cycle. 
In view of the lateral expansion results obtained it is recom- 
mended that the hard surfaced preformed dams be completely 
removed from the relay cavity areas and be partially removed 
or trimmed back to drawing dimensions in the p.c. card cavity 
area. Complete removal of the dams in the p.c. card cavity 
area might be "risky" because of wires that lay adjacent to the 
back side of the dams in some of the distributors. This was 
found to be the case in the distributor used in Phase IIIc 
of this study. 

As in the preceeding 195' cycle no significant deflections took 
place on the terminal board side or in the metal walls of the 
p.c. card cavity, 
adverse effects on the relay holes. 

d. 

Also the 180° cycle caused no apparent 

Conclusions and Recommendations 

a. Results show that potential post foam expansion in already . 
fabricated distributors can be forced and removed, under con- 
trolled conditions, without resulting in any functional damage 
to the distributors. Also that subsequent thermal exposure at 
180°F will not cause excessive additional expansion. 

b. To completely eliminate the possibility of foam expansion into 
the p.c. cards or relays the following rework procedure is 
recommended : 

Rework Procedure For Already Fabricated Distributors 

9 REV. SYM. ,-, 
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5.5.5 (Continued) 

2. 

3 .  

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Reinforce the terminal boards t o  prevent movement by the 
expanding foam. 

I n s t a l l  re lays  or  mandrels t o  prevent closing of the r e l ay  
holes by the expanding.foam. (This s t e p  assumes t h a t  the  
re lays  can safe ly  withstand the 19S°F/24 hr .  oven cyc le) .  

Remove the  hardsurfaced preformed foam p a r t i t i o n  from the  
ends of the  r e l ay  c a v i t i e s .  (This surface is about .25" 
t h i ck ) .  

Remove approximately 1/8" off  the  horizontal  (bottom) s u r -  
faces of the foam masses located a t  each end of the p.c. card 
cavi ty .  

Reinforce the v e r t i c a l  foam walls of the p.c. card cavity 
and of the  re lay  c a v i t i e s  t o  prevent l a t e r a l  expansion. The 
faying surfaces of reinforcement tooling should cover a s  
much of the  foam surface a s  p rac t i ca l .  

Leave the bottom open t o  allow the  foam t o  expand out the 
bot tom. 

Heat i n  an oven f o r  24 hours (3 195 f 5'F. 

Remove from oven and allow t o  cool slowly t o  room tempera- 
t u re .  

Remove l a t e r a l  expansion r e s t r a i n e r s  and allow t o  set 
over n ight  t o  r e l i eve  compressive stresses. 

Remove excess foam from horizontal  (bottom) surface.  

T r i m  the  v e r t i c a l  foam walls  of t he  p . c .  cav i ty  t o  drawing 
dimens ions . 
CAUTION: T r i m  carefu l ly  s o  a s  not t o  damage any wires. 

In  some of the  d i s t r i b u t o r s  the  wiring may be . 
contacting the back s i d e  of the preformed foam 
p a r t i t  ion.  

Remove a l l  reinforcement too l ing .  Vacuum clean t o  remove 
a l l  loose foam p a r t i c l e s .  

Replace e l e c t r i c a l  components and covers. 
tests. 

Run functional 

93 REV. SYM.,- 



* 

0 

a 

Location of Point8 
ELaa8ured 

Manually Determined Dimensional Changes 
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FIGURE 2, PHASE IIIa 

After Oven Cycle (180' f 5OF - 24 Hr.) 

Identity: "Measuring Distr.", 60B62032-5A, S/N 0000007, Mfg. 6/8/66 
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5.6 PHASE IIIb 

5.6.1 . Objective 

To evaluate an "autoclave fix" procedure by accelerating foam 
cure by the application of heat and restricting foam movement 
or expansion by external dry fluid pressure; thereby preventing 
post expansion after installation into the vehicle. 

5.6.2 Identify of Distributors Tested 

No. 1: "Timer", 60B62030-1, S / N  0000002, Mfg. 8/5/65 

History: Previously subjected to BQT but not exposed to any elevated 
temperatures that effected foam expansion. One of the p.c. card 
cavity foam walls had been trimmed; the other surfaces were intact. 
Figure la shows this distributor before heating. 

No. 2" Previously subjec ed to BRT. Exposed to 160°F for 16 hours 
prior to autoclave cycleb One foam wall of the p.c. card cavity 
had been trimmed; the other walls were intact. Figure 2 shows this 
distributor before any thermal exposures, 

5.6.3 Test Procedures 

5.6.3.1 Test Conditions 

a. Distributor No. 1 was subjected to a 170°F - 20 psig - 20 hr. 
autoclave cycle; then to a 24 hour 180° f 5OF oven cycle to 
show what good the autoclave cycle did. (The desired autoclave 
temperature was 195'F but due to a malfunction we only achieved 
170'). 

b. Distributor N o .  2 was subjected to a 195'F - 15 psig - 20 hr. 
autoclave cycle, followed by the 180° oven cycle, as above. 

5.6.3.2 Measurements 

a. The effects of each autoclave and each oven cycle on electrical 
continuity were determined with a Bendix Analyzer. 

b. Dimensional changes caused by each cycle were measured, manually, 
as described in Phase IIa. 

@It was desired to determine the affects of a 160°F oven cycle on foam ex- 
pansion. Due to the lack of another distributor, No. 2 was used. Alghough 
not part of the planned "autoclave fix", the effects of the 160' cycle are 
discussed and results of dimensional changes are shown an page 1 of Table 11. 
It should be realized that the subsequent "autocfave fix" results would pro- 
bably have ahown greater dimensional changes had the distributor not been 
subjected to the prior 160' cycle. 

' 
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5.6.4 

5.6.4.1 

5.6.4.2 

5.6.4.3 

5.6.4.4 

Test Results 

Presentat ion of Data 

Dimensional data  f o r  d ~ t r i b u t o r  No. 1 is  presentel i n  Table I, 
which consis ts  of 2 pages. Table I1 (3  pages) shows data  for  
d i s t r i b u t o r  No. 2 .  Figures l a ,  l b ,  and IC show d i s t r i b u t o r  
No. 1 before and a f t e r  t he  autoclave cycle. No after'loven 
cycle" p ic tures  were obtained. 
before the 160° oven cycle (See 0 page 90.)  No "a f t e r  autoclave o r  
180° oven cycle" pictures were obtained. 

Figure 2 shows d i s t r i b u t o r  No. 2 

Effec ts  on E l e c t r i c a l  Continuity 

Tests conducted, on both d i s t r i b u t o r s ,  before and a f t e r  each 
autoclave cycle and a f t e r  each oven cycle showed no evidence of 
open c i r c u i t s  caused by foam expansion. 

Dimensional Changes - Distr ibutor  No. 1 

a .  Ef fec t  of autoclave cycle  (170°F - 20 psig - 20 H r )  

This autoclave cycle caused a concave type depression of the 
v e r t i c a l  foam walls ;  being more pronounced on the untrimmed 
wall .  This is shown i n  Figures l b  and IC. Data points 4 
thru 7 (page 1 of Table I) shows tha t  t he  dis tance between 
the  foam wal l s  increased as  much as  1.09". The dis tance 
between opposite walls of the re lay  c a v i t i e s  (points  9 & 10) 
increased .158" and .246". The horizontal  bottom surfaces were 
depressed below the bottom flange a maximum of .280". The 
terminal boards showed no s ign i f i can t  def lec t ions .  There were 
no apparent adverse e f f e c t s  on the  "Union Switch Relay" holes.  
From these r e s u l t s  it appears t h a t  20 psig was too grea t  a pressur 
a t  the  time and temperature used. 
No. 2 was tes ted  a t 1 5  psig.  

In  view of t h i s  - d i s t r i b u t o r  

b. Effects  of 180' Oven Cycle - Distr ibutor  No. 1 

After the 180°F - 24 hour oven cycle the  depressed foamed 
surfaces showed a considerable degree of recovery(expansion).. 
Some points  even expanded beyond the o r ig ina l  dimensions. 
This i s  shown on page 2 of Table I. 
beyond the  o r ig ina l  dimensions was .124". The maximum lateral  
expansion ( i n t o  the p . c .  cavi ty)  was .038". 

The maximum l i n e a r  expansion 

Dimensional Changes - Distr ibutor  No. 2 

a.  After 160' - 16 hr , oven cycle  (see a , page 90) 

The d i s t r i b u t o r  wee placed i n  a 160°F oven, without the bottom 
cover. The foam expanded v e r t i c a l l y  .1" t o  .2". Latera l  
expansion decreased t h e  dis tance between opposite v e r t i c a l  foam 
walls a maximum of .167" - t h i s  would have been grea te r  i f  t he  
bottom cover had been i n  place,  
was measured on the  terminal board s ide.  

A maximum def lec t ion  of .03" 
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5.6.4.4 (Continued) 

b. After  autoclave cycle (195OF - 15 psig - 20 hr )  

This autoclave cycle d id  not prevent l i n e a r  expansion out  the 
bottom or  l a t e r a l  expansion in to  the  c a v i t i e s ,  a s  shown by page 
2 ,  Table 11. The l inear  expansion ranged from .03" t o  .07". 
The l a t e r a l  expansion decreased the  dis tance between opposite 
v e r t i c a l  foam w a l l s  a maximum of ,135". The maximum terminal 
board de f l ec t  ion was .009". 

c .  After  180' oven cycle - Dis t r ibu tor  No. 2 

Table 11, page 2, shows tha t  expansion continued during the  
oven cycle .  The maximum l i n e a r  expansion w a s  .012". La tera l  
expansion decreased the dis tance between opposite foam walls  a 
maximum of ,036". With respect  t o  o r ig ina l  dimensions (Before 
autoclave cycle),  the maximum l i n e a r  growth was .07" and the 
maximum dis tance decrease between foam walls was .162" - 
these data  a r e  shown on page 3 of Table 11. 

5.6.5 Conclusions 

Due t o  a malfunctioning autoclave and a l imited number of v i rg in  
specimens the r e s u l t s  from t h i s  test  phase are considered a s  
ind ica t ive  only and not  conclusive. These indicat ions a re  t h a t  
the autoclave cycle w i l l  not  s a t i s f a c t o r i l y  prevent post foam 
expansion i n  already fabricated d i s t r i b u t o r s .  



HANUALLY DETERMINED DMQ3SIONS BEFORE 6 AFTER THE-L CYCLE 

Manually Determined Dimensional ChangdTable I 
Distr. No. 1 - Phase IIIb 

Phasemq 

Location of Pofntr 
Measured 
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a 

0 

a 

MANUALLY DETERMINED DIMENSIONS BEFORE & AFTER THERMAL CYCLE 
1 fter Autoclave ycle 
and After ven Y7;cle 

f 

l 

S F 

I LH)i 1 Li I LtI * I L &  I 
1 l o  I I I Location of Points 

Measured 

1' -.019 -.026 - .007 

2 +.002 +.025 -I .023 

10 7.129 6.996 -.133 

11 +.135 +.134 -.OO1 

15' 1+.123 b.135 1+.012 11 I 1 

Li - Dirtance from a "zero point" or beween 2 opporite points before - 

thermal exporure 
Dirtance frcm "lieto point" or between 2 opporite points after ' = 
thermal e orure Wi = * 

?'"anually Determined ?imensional 3:hannes ~ V - L - I  T 

5-406-65-29 ORIG. 4 /05  



MANUALLY DETERMINED DIMENSIONS BEmRE 6 AFTER THEiQfAL CYCLE 

Location of Point8 
Meamred 

A L t  - Dirtance from a "zero point" or begween 2 opporite pointrr before 
t h e m 1  expoeure. 

thermal ex ornure. 
. A L g  - Di8taace from " K m O  point" or between 2 opporite point8 i f tar 

4-i - *. 
v C d T  
Manually Determined Dimensional Changes 
Distr. No. 2 - Phase I I Ib  I "Thrust OK". S/N 0000018 (kyr 1.f 8 

- 
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HANUULY DETERMINED D]rlIQ1810#8 BURORE 61 AFTER THBWX, CYCLE 
C 

AUTOCLAVE II O V E N  t 

Manually Determined Dimensional Changes 
Distr. No. 2 - Phase IIIb 
"Thrust 'OK", S/N 0000018 (Page 2 of 

0 

a ER JABL 

1 +.185 +.257 +.072 +257 +.261 +.004 , 

1' +.196 +.261 +.065 +.261 +.267 + . O M  

2 +.179 +.193 h.014 +.193 +.205 +.012 , 

m@fl/Hfl 

17' +.086 (+.O86 0 +.086 +.086 0 

18 +.081 +.094 t .013  tk.094 +.095 +.001 . 
le! +.087 .+.089 _...tt-. .002 ,089 +.089 ____- .--!+ 0 

NO. T5-6556- 13 
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Location of Pointr 
b a r  ur ed 

4 L i  = 

= 
Dirtance from a "aoro point" or b-eeu 2 opporite pointr before 
thermal exporuro. 
Dirtance from "IOIO imixtt" or between 2 oppoiite pointr i f tor  
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,Af t e r  Autoclave and ' .fter 

I L*i 

0 

0 

I Li I 4l *IWi 
1 1+.185 1+.261 I-t.077 11 I I 1 
1* 

2 

2 '  

3 

+.196 +.267 +.071 

.179 +.205 i . 026  

. ' .222 +.276 +.054 
I 

-' .188 +.233 i .045  

3'  

4 
5 

6 
7 

8 13.784 b-.757 1-.027 11 t 

t .159 +.199. -t.040 

7.095 7.039 -.056 2 

7.131 7.050 -.081 

7.147 7.031 -.116 

7.153 6.991 -.162 
, 

9 6.800 6.790 -.010 
10 6.820 6.760 -.060 

11 +. 122 t.130 -t.008 

11' b.102 t .108 4.006 

Zanually Determined Dimensional Changes 
D i S t r .  No. 2 - Fhase IIIb 
"Thrust OK", S/N 0000018 (Page 3 of 3) 

15 +.lll t.119 3.008 

15'  +.lo7 t.117 +.010 

U B L E  4 
PHASEmd 

Location of Points 
Measured 

mUHH#H 
' 

NO. T5-6556-13 
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PfGUREI&, PHASE IfIb 
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FIGURE IC, PHASE IIIb 

Distr ibutor  No.  1: 

Ident i ty :  

After Autoclave Cycle (170'F - 20 p s i g  - 20 Hr.) 
"Timer", 60B62030-1, S/N 0000002, Mfg. 8/5/65 

REV. SYM. ,-, 

5-406-00-29 ORIO. 416s 
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0 'I 
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FIGURE 2., PHASE IIIb 

NO. T5- 6556- 13 
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i 

DSstributor No. 2: Before thermal Exposure 

Ident i ty :  "Thrust OK", 60B62295-5A, S/N 00000018, Mfg. 7/1/66. 

0 

c 

i 
(I 

*' 



5.7 

5.7.1 

5.7.2 

5.7.3 

5.7.3.1 

5.7.3.2 

5.7.4 

5.7.4.1 

5 . 7 . 4 . 2  

m'1cIAyI) 

PHASE IIIc 

T5-6556- 13 NO. 
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Ob iective 

To determine effects on post foam expansion when all hard outer 
foam surfaces are removed (i.e. Preformed dams and skin from 
horizontal (bottom) surface). 

IdentiCv of Distributor Tested 

"Propulsion Distributor", 60B62029-7A, S / N  0000013, Mfg. 6/28/66. 

History: 
temperatures that effected foam expansion. 
distributor after, trimming but before oven exposure. 

Previously subjected to BRT but not exposed to elevated 
Figure 1 shows this 

D s  t Procedure 

Specimen Preparation 

The preformed dam was removed from the ends of p.c. card cavity and 
relay cavity areas. 
The horizontal (bottom) surface was cut out to a nominal depth of 

(The thic.kness of the dam was approximately .3"). 

1 /lo". 

(Note: To remove the dams it was necessary to cut through the dam 
along the adjoining metal wall of the p.c. card cavity. 
this, a wire, which was lying against the back side of the dam was 
cut. These wires can be seen in Figure 1.) 

While doing 

Test Conditions and Determinations 

The distributor was reassembled and subjected to a 180°F oven cycle 
for 16 hours. 
Bendix Analyzer. Dimensional changes were determined, manually, as 
in Phase IIa. 

The effects on continuity were determined with a 

Test Results 

Presentation of Results 

Table I shows the dimensional changes that took place during the 
oven cycle. Figure 1 shows the distributor after trimming and before 
heating. No after heating pictures were taken. 

Effects on Electrical Continuity 

No open circuits resulted from the foam expansion as indicated by 
testing with a Bendix Analyzer before and after heating. 

''9 REV. SYM. *-. 



0 

0 

5 . 7 . 4 . 3  

5 . 7 . 5  

Effects on Dimensions (Table I) 

The foam expanded vertically against the bottom cover. Lateral 
expansion decreased the distance between opposite foam walls of 
the cavities from .2" to .3". This lateral expansion would 
probably have been greater if the foam had not had room to expand 
vertically. Even with this degree of expansion the foam did 
not touch p.c. cards - inserted afterwards. 
The maximum expansion on the terminal board side was only .07". 
This is comparable to results obtained in other test phases. 

Conc lus ions 

Removal of the outer surfaces of the foam masses will not 
prevent the foam from expanding. However the results indicated 
that proper trimming of the surfaces will minimize the degree 
of lateral expansion against the p.c. cards and Union Switch 
Relays; also trimming will reduce the degree of deflection of 
the terminal boards. 



4 7.584 
5 7.534 

6 h.535 

11' k.085 

.098 

.079 

15'  .081 

-.007 +.082 
i 

+.005 +.077 

0 . +.048 
7.312 -.272 

16 b.100 1+.116 1+.016 11 
I I I .I 

h a t i a n  of Pointr 
Xearured 

a -  = Manually Determined Dimensiona Changes 
"Propulsion Dlitr.", S/N 0000013 

PHASEm 



FIGURE 1, PHASE I I I c  

A f t e r  trimming; Before Oven Cycle  

I d e n t i t y :  "Propulsion Dis t r ibu tor" ,  60B62029-7A, S/N 0000013, Mfg. 6/28/66 
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